The current study report the chromosome counts for twelve species of tribe Epilobieae from the cold desert regions of north-west Himalaya. These chromosome counts add to our existing database and enlighten our understanding of the cytology and distribution pattern of the tribe. First chromosome counts for two species, Chamerion speciosum (Decne.) Holub (2n=4x=72) and Epilobium chitralense P. H. Raven (2n=2x=36) has been reported. These species showed 100% pollen fertility. All the chromosome counts (except C. speciosum) determined in this study from the north-west Himalaya are diploid 2n=2x=36, which is consistent with the proposed base number x=18 for the tribe Epilobieae. On the basis of study of available chromosome counts and existing literature, along with counts presented at this point, it is level-headed to conclude that 2n=36 is the most frequent chromosome number for this tribe with an established base chromosome number, x=18. We herein also discuss the cytogeographic distribution pattern of the tribe Epilobieae based on present as well as previous findings in the literature.
The tribe Epilobieae (Endlicher 1830 (Endlicher , 1840 belongs to family Onagraceae, comprises of two genera containing 173 species and distributed in the montane, boreal, and regions of Africa, Asia, Australasia, Europe, North and South America, up to an elevation of 5000 m, often found growing in moist and disturbed places worldwide. Epilobieae and Onagreae, together account for two-third of the total species of Onagraceae (Levin et al. 2004) .
Epilobieae divided into three genera (Munz 1965 ) which were later reduced to two genera, Boisduvalia with two sections of Boisduvalia and Currani (Raven and Moore 1965) , and Epilobium with six sections of Cordylophorum, Zauschneria, Xerolobium, Crossostigma, Epilobium and Chamerion (Raven 1964 (Raven , 1976 . These sections were later delimited, with sect. Epilobium as the largest, comprising of approximately 150 species (n=18) and rest 15 species (n=9, 10, 12, 13, 15, 16, 18, 19) were placed in five sections based on their morphological and cytological characters (Raven 1976 (Raven , 1988 . Hoch and Raven (1992) transferred the two sections of Boisduvalia (Boisduvalia and Currani) to Epilobium making eight sections in total.
Epilobium is a heterogeneous genus with two distinct groups i.e., small group of eight species with zygomorphic flowers is Chamerion group and the larger Epilobium group consists of 150 species with actinomorphic flowers. Haussknecht (1884) in his monograph on Epilobium separated Chamerion from Epilobium. The Chamerion group (Houlb 1972 ) is a sister group to Epilobium and has often been treated as separate genus (Baum et al. 1994 , Levin et al. 2003 , 2004 , Wagner et al. 2007 . However, there is ambiguity in distinction between Epilobium and Chamerion. Epilobium is taxonomically a difficult group due to its passably invariable outer appearance and frequent intraspecific hybridization (Krajsek et al. 2006) . The current paper follows the classification given by Wagner et al. (2007) .
Epilobieae in India is represented by 30 species of the both genera (Paul 1998) . In the Himalayan region 37 species were reported with five species occurring beyond Himalayas (Raven 1962) . However no sectional division is given in the local regional floras of India pertaining to north-west Himalaya (Aswal and Mehrotra 1994, Singh and Sharma 2006) . Regarding the cytology of tribe Epilobieae from India, a thorough study of the available literature (Darlington and Wyile 1955 , Fedorov 1969 , Kumar and Subramaniam 1986 , Khatoon and Ali 1993 , Rice et al. 2015 revealed that members of this tribe are less documented for chromosome counts and meiotic studies from the Indian subcontinent. Erudition on chromosome numbers and polyploidy is indispensable for the study of taxonomic affiliations and modes of their evolution (Levin 2002 , Stuessy 2009 ). The entire Himalayan belt is rich in plants with chromosomal diversity and variability. Even though taxonomical explorations have been carried out in the higher altitudinal north-west Himalaya, the region has been least explored, cytologically. Raven (1962) has considered the Himalayan belt as one of the important center of distribution of the tribe Epilobieae and was in view that chromosomal inter relationships were difficult to interrupt in this tribe. Epilobieae is less documented from the Himalayan region for chromosomal studies.
With an aim to increase our current understanding on the tribe Epilobieae, in this paper we have discussed chromosomal status and counts, their meiotic behavior and pollen fertility in twelve species of Epilobieae from the high, unexplored alpine regions of north-west Himalaya (Lahaul-Spiti, and its adjoining areas, Himachal Pradesh). We herein also tried to make a general attempt to study the cytogeographic distribution pattern of the tribe Epilobieae based on published chromosome counts and literatures.
Materials and methods
Twelve species of tribe Epilobieae were collected from the cold desert regions of north-west Himalaya (LahaulSpiti, and its adjoining areas, Himachal Pradesh) and used for cytogenetical observation (species name, locality and voucher are put in Results). Flower buds were fixed in Carnoy s fixative (6 ethanol : 3 chloroform : 1 glacial acetic acid, v : v : v) for 24 h. Subsequently, the materials were transferred to 70% ethanol and stored in a refrigerator. For meiotic preparations, anthers containing pollen mother cells (PMCs) were crushed with the help of tapping rod in 1% acetocarmine. For determining the chromosome counts and studying meiotic behavior 100 PMCs were observed in each taxon. Pollen fertility was estimated through the stain ability test of pollen grains (400-500 in each case) in equal mixture of glycerin and acetocarmine.
Photomicrographs of PMCs for chromosome counts at different stages, sporads and pollen grains were made using a Nikon Eclipse 80i microscope. The cytologically studied plants were identified and the voucher specimens were deposited in the Herbarium, Department of Botany, Punjabi University, Patiala (PUN).
Results and discussion

Chromosome numbers
A detailed meiotic study on population basis was carried out on twelve species of tribe Epilobieae from different localities of north-west Himalaya.
C. angustifolium (L.) Holub collected from Miyar (altitude 3000 m, PUN 51666, Lahaul valley). The plants depicted the meiotic chromosome number of n=18 as confirmed from the presence of 18 bivalents at metaphase I (MI), where one bivalent is showing early disjunction (Fig. 1a) . This species showed 100% pollen fertility. Previously from India, (2n=18) cytotype has been reported from eastern Himalaya (Jash and Sharma 1970, Chatterjee et al. 1989 ) which needs confirmation. Two intraspecific cytotypes (2n=36, 72) are also reported from north-west Himalaya Singhal 2011, Jeelani et al. 2011) . The diploid chromosome number (2n=36) has already been recorded from outside India (Rice et al. 2015) . The species is also known to have intraspecific tetraploid, 2n=4x=72 (Mulligan 1957 , Mosquin 1963 from North America, Chen et al. 1988 from China) and hexaploid, 2n=108 (Tanaka et al. 1988 from Japan).
C. latifolium (L.) Holub is the most attractive herb of the glacial zone frequently found in rocky places near Baralacha Pass (5030 m, PUN 51658). During meiosis, 18 : 18 chromosomes distributions at metaphase II (MII) (Fig. 1b) were observed in the PMCs. The meiotic course was normal and leading normal sporad formation and showed 100% pollen fertility. This species has intraspecific variation in cytotypes (2n=36, 54, 72) from India, China, North America and upper Arctic/sub-arctic regions (Rice et al. 2015) .
C. speciosum (Decne.) Holub is quite frequent at Chhatru (3360 m, PUN 51468) and near Batal (3960 m, PUN 51654) on moist rocky slopes. Plants from the both accessions had a meiotic chromosome count of n=36, as confirmed from the presence of 36 : 36 chromosomes distribution at MII (Fig. 1c) . The course of meiosis including microsporogenesis was regular resulting in 100% pollen fertility.
E. anagallidifolium Lam. collected from Patseo Lake (3800 m, PUN 51242) and Baralacha Pass (5030 m, PUN 51635) showed normal meiotic behaviour and pollen fertility was 100%. Meiotic chromosome count of n=18 in the species has been confirmed from the presence of 18 bivalents at MI (Fig. 1d) . The diploid individuals used in this study showed the basic chromosome number of x=18. Meiotic chromosome count of n=18 agreed with the previous reports of 2n=36 (Rice et al. 2015) . This species is known to have an intraspecific cytotype variation (2n=18) from Russia (Gvinianidze and Avazneli 1982) .
E. brevifolium D. Don collected from Koksar (3140 m, PUN 51456, Lahaul valley) showed 18 bivalents at MI (Fig. 1e) . The meiotic course was normal and showed 100% pollen fertility. The present diploid chromosome count of n=18 is agreed with the previous report of 2n=36 by Mehra and Dhawan (1971) form north-west Himalaya in India. E. chitralense P. H. Raven found growing on open moist slopes in alpine habitat near Manimahesh Lake (4300 m, PUN 51647) showed 18 bivalents at MI (Fig.  1f) . The meiotic course is normal and showed 100% pollen fertility.
E. cylindricum D. Don collected from Jispa (3220 m, PUN 51663), showed 18 bivalents at MI (Fig. 1g) . The course of meiosis was normal and showed 100% pollen fertility. The diploid chromosome count of 2n=36 has been reported by Chen et al. (1992) from China.
E. roseum (Schreb.) Schreb. was collected from of Sundrasi (3370 m, Manimahesh hills, PUN 51645), Trilokinath (3020 m, PUN 51146) and Chandartal Lake (4300 m, PUN 51483). All plants from three accessions showed 18 bivalents at MI (Fig. 1h) . The meiotic course was normal and showed 100% pollen fertility. The same chromosome number (2n=36) has been recorded from eastern Himalaya in India (Jash and Sharma 1970, Chatterjee et al. 1989 ) and outside India (Rice et al. 2015) .
E. royleanum Hausskn. collected from Koksar, (3140 m, PUN 51459) showed 18 bivalents at MI (Fig.  1i) . The meiotic course was normal and showed 100% pollen fertility. The gametic chromosome count of n=18 in the species confirms the previous report of 2n=36 by Mehra and Dhawan (1971) , Podlech and Dieterle (1969) from Afghanistan, and Seavey and Raven (1977) , from western North America.
E. sikkimense Hausskn. collected from India (Batal, 3960 m, PUN 51650) showed 18 bivalents at MI (Fig. 1j) that agrees with the previous report of diploid chromosome count of 2n=36 (Chen et al. 1992 ) from China. The course of meiosis was normal and showed 100% pollen fertility. E. tetragonum L. collected from Trilokinath (3020 m, PUN 51637) showed 18 bivalents at MI (Fig. 1k) , the diploid chromosome count 2n=36 has been reported Moore 1964, Hair 1977) . The meiotic course was normal and showed 100% pollen fertility.
E. tibetanum Hausskn. colleted from Baralachala Pass (5030 m, PUN 51143) had a meiotic chromosome number of n=18, that has been confirmed by the presence of 18 bivalents at MI (Fig. 1l) . The course of meiosis was normal and showed 100% pollen fertility. The gametic chromosome count of n=18 agreed with the previous reports of 2n=36 by Khatoon and Ali (1993) form Pakistan and Seavey and Raven (1977) from western North America. 
Cytogeography and chromosomal status
The tribe Epilobieae is distributed worldwide. Recent molecular studies weakly support its origin in North America with seven sections of Epilobium found in the region (Levin et al. 2003 (Levin et al. , 2004 . The distribution pattern and range of chromosome number indicate a north temperate origin of the tribe or circumpolar distribution with a complex pattern of diversification (Mosquin 1966 (Mosquin , 1967 .
The study of cytogeography in relation to the published chromosome counts of the tribe showed that species are distributed in all continents of the world except Antarctica (Table 1) . It is well established that most sections of Epilobium are native to North America and here are most diverse in terms of species and in regards to various cytotypes (n=9, 18, 27, 36) (Raven 1976 ). According to Raven (1988) there are 25 species of sect. Epilobium which occur in North America, 75 in Eurasia out of which 62 are endemic and 62 in Australasia, all of which are endemic to the region. The maximum chromosome counts have been reported from the cool temperate regions of the Northern Hemisphere. In Southern Hemisphere, Australasia has chromosome counts for high number of endemic species , Hair 1977 ) and a few counts from South America (Solomon 1982) . There are least cytological explored species from Africa Raven 1977, Galland 1988) . In Indian north-west Himalaya, two sections have been cytologically explored i.e., Chamerion sect. Chamerion and Epilobium sect. Epilobium. On the basis of geographical distribution pattern of tribe Epilobieae it can be concluded that it is a highly peripatetic group which is widespread in different parts of the world.
The tribe Epilobieae has various chromosome numbers (n=9, 10, 12, 13, 15, 16, 18, 19, 27, 30, 36, 54) . A probable explanation to this diverse number of chromosome in the tribe was proposed by Stebbins (1971) and Raven (1976 Raven ( , 1988 ) that species of Bosiduvalvia had originally retained the basic chromosome number x=9 and 10 of the tribe. They proposed a basal chromosome number x=9 or 10, which underwent aneuploid reductions till n= 6 first, and later followed polyploidy events in the common ancestors of the various sections of the tribe to produce n=12, 13, 15, 16, 18 . However molecular phylogenetic analysis using ITS in Epilobium by (Baum et al. 1994) partially agrees with this proposed hypothesis and supported that n=12, 13, 15, 16 were derived from paleotetraploid ancestor n=18 through a series of aneuploid reductions. They proposed that Chamerion is sister to Epilobium and a new base chromosome number x=18. This hypothesis which was earlier rejected by Raven (1988) is now the most accepted explanation for the diverse chromosome numbers in the tribe (Levin et al. 2003 (Levin et al. , 2004 . Only four species (2.31%) show polyploidy out of 173 species in the tribe, and rest 97.68% species are stable (n=18). The four polyploidy species belong to genus Chamerion (two species) and genus Epilobium (two species), respectively. These are C. angustifolium (n=18, 36, 54), C. latifolium (n=18, 27, 36), E. canum (n=15, 30) and E. hirsutum (n=18, 27). The distribution of cytotypes of ploidy level higher than 2x has been given in Fig. 2 .
In tribe Epilobieae, we report chromosome counts for 12 species from the cold desert regions of north-west Himalaya. These chromosome counts add to our existing database and enlighten our understanding of the cytology and distribution pattern of the tribe in this phytogeographically isolated region of the world. The gametic chromosome count n=36 for C. speciosum is the first report for the species. The meiotic course was regular and showed 100% pollen fertility in all the species. All the chromosome counts (except C. speciosum) determined in this study from the north-west Himalaya are diploid 2n=2x=36, which is consistent with the proposed tribal base number x=18 for the tribe Epilobieae. On the basis of study of published chromosome counts and available literatures, along with counts presented here, it is strongly concluded that 2n=36 is the most common chromosome number for this tribe with an accepted base chromosome number x=18.
